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Storm iracke of North Atlantic end eaetern North P e c i f i c  
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t', , , -  fox the period 2947-1963 are related to the normal 500 mb, 

, ,, ., < - 
subtropical ridge, an? some comnlents are offered on the . 
relationships between storm tracks end tropsphoric f l a w  . , -.. . .  . patterns. 

.' . 
A number of specfftc proposals are offered for cl imatologi-  
cal inveotigatione designed to as6Lst  the troyfcal analyst 

e 

and forecaster. . ,  - > .  

The tropicnl  analyst and forecaster l e  confronted with several obstcsles 
Ln the detection and prediction of tropical  sterna, Large areas devoid 
of dota, in tr icate  patterns and tha smsll variabi l i ty  of many meteorologi- 
cal parameters all covbina to make his task dffftc~lt, This is compounded 
by a lack of general knowledge as to the significance of d e p n t t u r e ~  from 

-mean values of observed mateorologLca1 data.  Ifmy studies have been aade 
of tho nom.al paths or most frequent paths of tropical storms originating . 
in or passing through selected geographic areas. In more recent yearo, 
Lncreaefng attention has been on the variattonc within tha season 
of the most: probable paths of storms, as , wall  . a s  the mast probable locations 
of t h e i r  f i r s t  appearance, . 

In Weather Buieeu Technicel Paper No. 36, ~ o r t G  Atlnnti-c Tropical C.,yctoncs, 
Xr. Cry, Yx. Whita, and X attempted to s u m r f z e  the avniiable 1:nowIedg~ 
on the t z ~ c k s  and i n t e n s i t i e s  of North Atlantic starme and hurricanes oceur- 
r i a  in the years 1885-1958. These data have been used by a number of 
researcher6 in seeking answer6 to such questione as when and where d o  storms 
orfglnare; whom do they go Exom ehcra; what is the probability that the 





X hwa been impressed with the, fact  that we have a most unique #i tvatLon a 

fn the h e r i c s s  in that the atma~pherfC circuletfon af the wactarr5. Atleutic 
Oeean overrum tho land connection between the North hmarican and South 
Amcttcan continento and thar the West Xndias-Central hlariemn land cmplax 
happens to occupy tha area in which the circularion would be maat favorable 
for the development and travel of tropical cyclones, Therefore, X feel that 
it is worthwhfla t o  look a t  tho tropical cyclonoe sf the North Atbntic Ocean 
and a s t a r n  North Pacific Oceon as a l l  mm5orc of tb5 cam fomfly. Accordiqp 
ly, a group of us a t  the ZJatltomI Weather Racorde Center have reproduced the 
snfiuaf tropical storm tracke for the years 197-1933 on a inap base whtch pcr- 
mits tha portrayal of t h e m  two group6 of starao together on d. single chart. 
We hme used the North Atlantic stom tracks from Tacbnical Paper No. 36 
and subsequent annual lesucs of - C f L ~ C 0 1 o p , t c ~ 1  Datn, NntionnL Itm~nry, end 
have used b e .  Rasendnlv B tracks 05 eeotern North ?aci£ic storms, 

Pigurea (2) through (9) show these tracks for the p r k i p a l  portiane of rt~a 
hurricane Eseaaon, In figure. (21, tracks for Hay 1947-1963 ora d~own, together 
with tho mean 500 nh. 19,300 f t . contour Cskcn f ran ihc- AClao of g o o  Mb. 
Wind Charccreristics for tho Korthern Ifcmisphese, by Jtimos P.  Lahoy, 
b i d  A ,  Bryson, Kberhard W ,  Wehl, Lyle H.  Ibrn, and Vtlos D, hndarsoa, 
published by Cha Uafv~rsiry of Wisconsin in 1958, The probable positLon 
of the 500 mb, ridge l h o  also shown as a heavy daohad l ine .  The majorfqr . 
of Nsy s t o m  have esamtinlly a northward travel, though many seem to go 
through a sarLea of cwolutions Ln thafr attempts t o  migrate, 

'Ln figure (3) the storm tracks for &ma are ehmaa, together w i t h  the ridge .---- 
l fna  and the 19,300 ft. man contour, J u w  ~ t o m  orfChS ara more pravalcnt 
west  of Contra1 America than t o  tha east, and o m  CamoE he lp  bug bf~ hpressend 
with the fact char: the storms from the Gulf w e  north or northeast, while 
the storms ortginatbg tn tha Pacific hdavs their origins oC lower latitudes 
and show tt much stronger: tmdency Ca migrate to   rho^ mrthueocr # . . ,  . > .d + ' li , 1- ; *  . -  . ? #  : * :  A 
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Ln figura (4) wa nee t f ~  storm traclca tor  July for those years, nsd o f p i n  
tho 500 nb, rkd,;o l i n e  ~ncl  tho L9,3OO f t ,  coaCour. f9,bQ f t .  contoure 
kzva bcan nddod t o  t h h  m p  m a r  the sautt~wastem Unttcrd GCdtct3 and weotccm 
Xorttm ht ianr ic ,  In the GulE oi %xics, thc  r idge  l ina  b r i  ruigrntcd 3A0 
of l a t i t u d e  nartl~ward. 'Xbe rrtorm orlgir~s 0% the  werrt ctosor of Central a 

Anariccn amar a larger cree and khare are mare of t h e e .  231s erncka Eron 
khe Gul f  af t&xieo are t a t h e r  sfmtler a t i l l  to thosa sf duncr, end n far 
cracks sppunr Fxn the iiorth ArlsnrLc, 

FPgura ( 5 )  shovs trocka Lot the rconth of Aumat far t h ~  17 yanre wo are 
considering hare. Xha high over the southwestern United States is not a@ 
intense; tho ridge l i ne  in the GulE l e  in approximaCe2y the sarnrr l n t i t u d e  
ao it was in July, though it ha6 swung t o  a more e a ~ t - w ~ a t  oriantation; 
and the I 9 , b  ft;. contour over the Atlantic is not: greatly changed botwesta 
theoa two nonthlc, Thoro certainly is a remarlable change in the storm 
origfns and t h e i r  primary movements, Tim frequency of otorms ovor the 
eastern North-Paciffc b reduced between tha months of July and Auguet, 
while the frequency over the North Atlsmtlc i s  greatly increased. 

A t  thfs  potnt, X would lika to digresc for e mment rnnd suggast that the 
moan monthly pattern is not tha appropriate pattern to describe storm origin 
and movement. If ona takas  the hypothesis that stam origin and movements 
are, in Eect, clo6ely related to the mean tropospharic flow pattern, they 
can a k a  ~everal  inferences sboue those patterns, clnd tho mean patterns shown 
on thfa sariea of figures may diffar somewhat: from the patsterne t'naC our group, 

. st least, would infer. Pausfng w i t h  Auguett Co 1001s at  t h i s  specif ic  itam, 
one would get the  impression that otortna occur when the high center over tha 
Horth Atlant ic  is sonewhat to the east or" the position shown on thfa mean 
chart and that the storrm recurve at about loqifxdas 70- to h o w .  through . . 
a somewhat deaper trough than shown oa the man pattern. 

' ( '  . - ,  

ln Septsrnbar-whfch Be broken in to  two parte following the custom of mnny . 
prior authors becausa of the total confueion af l b e a  Created by attampting , 
t o  ohow a l l  September tracks on a single map--wa see f i rot  tho etormn for 
the f irst  half of Soptembet on figure (6). Hare in the f i r e t  half of Septerdmr, 
we have more ~tonna tn the eastern North P a c i f i c  in these 17 half maaths than 
we d i d  i n  the 17 full Auguees ua have just  used. Two famillas of storm nppoar 
5.n the  Gulf-those which occur well south of the maan ridge tino and rnDva wec;t- 
ward and those which occur Ln Che mid and north Culf and move racrrtheaetwnrd, 
Vary few storms mova through the central Caribbsan, Many which origlnato over 
the North Attaatlc move up wall offshore l.n a rather l i m i t e d  path width  paat 
Banmrda, ' : , x , . 

. - ,  ' . '.\", , . . -  1 ;  

The combinat;lme of maay of the early September storm' would su$gasc Ln eha 
mean tropoepharic flaw p a t t a p  m e  might infer that the ridge lfaa at  the 
t h e  of otonn pooage i r  in the v ichiry  of th. loop on the path, The mean 



rfdga line is well soutla of the Locus sf  thaoa loops. OIM m i g h t  CUOGC; Erom thko 
tlsr;i: G t o I I i S  are r.13TQ 1ilicI.y to occur when t h ~  500 rub. r i d 3 0  f a  60mwhdJt north 
of kt8 moan gasition, Certainly this i u  not an original thought, 

Tha l a t t  half  of Saptmber  ir shawn i n  fiwre ( ' I ) .  It, too ,  hns many wobblco 
and loops on t h e   tom traclm. Thoca over the Ii'ortlt At lant ic  a m  north of 
tha mean ridgo position, whflo thosa in tho vic in i ty  of Cuba or in the Gulf 
oi hks~ieo nro near or ~outh of tha rson  ridge pwbrion. Fewar storno occur . 
in t l r i o  half af Septa:nl:ar over the a n a t e r n  half  of eho Morth X'ocfPlic, #rid 
their  path ~uagcste that: the man ridge l f n e  mighe: be even Lurther south duriag 
thafr  czccorrcncc. 

In figure (8) the 0ccob.r tracks nrca sham.  In many r e ~ p e c t e  they look l i k e  - 
a mixture of Shy, June, July, and early August storms rather th;m l i k a  late 
A u p c f  and September stoma, The sutLropica1 h i s h  a t  500 mb. is at its lowest 
height and has rimed abruptly southward since Sepromber. Sporadic storm 
oriaLno over the North Atlantic are assuclnted with tihoxC-livad otorrus, The 
o f o m  which a t t a i n  maturity originate w e r  the Baianmae, the west Caribbean,- 
or the eastern Pacific* Tba large frequency of north or northenstward nlovca- 
merit from tha point of akigin is the distiqpishiq feature of th ie  chart . .  
Tha total atonn frequency is on the decline, i. . ,- 

. . 
Figure (9) shows the eConn trecke for all other months of them 17 years, * 

I f  i8 abvicwe that tho psrM Nav&er-April La outside of tho principsl 
tropical cyclone seeeon, sad that those stormrr occur: under unufiusl circum- 

> .  . . ~f ances . . B 

, ,  . : - 
fa the first figure of t h i s  prooentafhn, w a  ~xotrnhed a composite chart for ., 
fiva storms originating in June in the Gulf of ~.inxfco, and noted some charac- 
toristics of the  flow pattern aseociated with thcra, The oama conipocite 
technique wae used to develop the composite sen-level pressure chart Lor 
fiva storms of eslotarn Paci2ic origin shoun in  fi.gura (10). Tho strengthen-- !. 
Fng of the southeast flow aver the Gulf of &&xico and the ocsurreace of the  - ,., 
deep thermal low over Arizona, coupled with a deep trough northward toward ,. 
Hudson Bay are obvious features of th i s  composfte. The 1018 high war 
New England rug~astbi that: thelae particular eanCera North Fnc i f i c  June origina 
were coupled with strong anticycloncn over tho caetorn United States, One 
might opecuhta--and at th i s  point: f i w o u l d  be pure epeculat5xa-that these 
storms originaced wer  tha Pacific rather than tha Culf because rha *pattarno 
favorable to their generation were dfeplaced southward, 

', . 
Figure (11) shows the cornyosfta 500 mb. heighto aad eemgsracutes aosociatad 
with the aame , f 9,ve eeretorn PaoFf LC stormu * The elosod 19,300 f t . high over 
northern MaxFco oad ooutlrwestexn United S t u t e o  with f t r  ridgcr ILM u x t d i a g  



Tina doas P C ~ X , L ~  the prenan'tation of s h P l f S  charts which our group kafi 
dcvcY.aysad for otorns origfnnthg in other wntha  ~ i :  %ha senson nnd sther p r -  
t i ons  of tho occtrnfc nronn, a.g., July stanns CIVQL: tha Bahanxis; Scpccmnhr 
fitonns over the western Caribbean, ete,, but: such conposiea~l oithar 1unrc.l been 
or are b e i q  developed in an empirical soarch batmen the &ooimtry of tha 
6urfaca and 500 uib. patterns and storm genesis. A t  the su&gcstlan of 
Dr. Harold L. Crutcher and h i s  o s sochtcs ,  we ora undertaking harmonic analy- 
ofn o f  the sea-level pressure and 500 mb. heights along selected latttuje 
circle8 for-dam obtained by selecting dates on which 6torms firs'c ~ p p e a r e d  
at ~pscific values of latitude and longftude. 

. 
A t  the same time thet these fwe~rigat ians  were unden~ay in Ar.hevilla, w e  tmre 
investigating the preciyieot ion ~ s ~ o c f o & e d  with t r ~ p i e a t  storms. E f r .  Duxhan 
has developed a W e 1  of precipitation aetsociatad with a unit stox-m, and wo 
have compared precipitation olmuntu obt;alned from storms fn each year with the 
normal variation of precipi table  water over a large segment of: Che northern 
henlsphara, This inveotLgarton is continuing end w i l l  be the subject of a 
ooprata report, 

Prom this  hasty bsckground of r a l a t w  ctorm Crack gametry t o  synoptic  att tern 
geometry, Lr Ic a short ~ t c p  t o  the question, "IIow can we use liuch climtologi- 
cal infannation n e  a tropical analysis and foraccteting aid?" and the questrlon, 
"10 t h i o  a l l  thug climatology can d o  for ue?" 

The real purpose of this  papar i s  to propose to thia  group that thahe are a 
number of climatological projacte which might be useful in developing tropical 
onalyafs cad &lc; Nine specific proposals axe offered hero, arranged 
in a rough order of increasing complexity an3 costo Tl~we l i s t e d  first are 
otnpla and inexpensive* The laat few are major studies which would lnvolvo . . 
asvaral years and major expense t o  eccmplieh. -. - - .- ,. 

1, -Dwalog wnthly man tropical atomspher~ for several smtrions of 
: tha ?royicsr. , * - ,  , % - i =. , , - : 



These tabulate2 data Carl b~ cornhlnad trr produce rnorctltly man 
t rop f  ca l  ntrno~yfmrcc; for mlectcd areas. 

Dovelop a v i ~ u a l  portrayn t of tha tropical  wfnda aloft surmry -.. 

W i ~ d  data end parsmetors have baen butramrfeed and terbulacad for 
a largo rn~rnber of troyieal atatfono by month and r\tmosphoric 
lwo2s .  

Resultant wind dfreetion, speed, vector standard deviation of 
velocity, zonal cornpnentc, corratotion coefficients, probability 
ellipses, and m u l t i p l e  related parameters are tabulated at 
s e l e c t e d  mill ibar lmels by aronth for each atatlon, . . 

The resultant wind and the probability e l l i p s e s  for several lay- 
ere of p r o b a b i l i t y  can be*plo t ted  on charts or on plastic werlays 
to confora to t2ta chart8 in use, 

It ie recommended that the several agenettas concerned agree on a 
standard map projection, family of scalas-and family of areas of 
coverage, end that the wtnd paremeter data be printed in  a back- 
ground color oat the master base for reproduation on each of the 

A .  . , . - areas and scales, .- , - ,  
> -. . . . -.. . 

. . 
Develop 6rolm movewnt caoos for limited $reas stratified by - 
pcrciotencc and prior motion, , , % . .  . 

t , :  7 '  . .  
%st s tom movement cases developed 6s fer use 8s input daea 
tho storm ptieitian al.one. New cases etratified according t o  
1) storm location, 2) present motion, and 3) past motion, w i l l  
provide an bqcovement on the initlel cllmafologi-1 storm motion 
predict  ion, .. , , . . I  

Dovelop prediction modela far hurricane parametors for wind, 
pre: sure, rain, etc., forecarits. 

Ueing representative coasts1 or las-l6val aeconnaisaance data, 
develop madalo of .the distribution uf wind, pressure, precipi-  
tnticm, atc,, for selected s t o w  over a range of in t ens i t i e s ,  
These models w i l l  be useful tn foraceseLng tha dLatrfbution of 
these parametera;'. 4.n relation. to progaoc tic a tonu p o s i t l o g  r 7 . 

. . , ,  , ; . $ ? , , . .'- a *  .': 1 - * .. . ' s 7 y ; ; . . . ~ ~  ,,* a r , .r.. : '.. --, - .",' .i * !.:'. , 
1 -. *. .- L. <,;- -&--.: (!<.r,;K:! ..,.--.*,* 1 ,-,.,. 9 ,  52.;y.; ? ]I-;:; r;:" I;:,;,,:;: (? *&  f>.>:...:: 
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A number: of @IRnneologic.-tZ ~ t u d f e ~  hmro k e n  i ~ d a  of tha 
future path oi econna ~ccording to present etsrm location. 
Ona r;l-ccif i ca l  ly dcs ityacd t o  preyare probnhllf ty f orccaota 
of s t o m  rhrcnt for s p c i f i c  target areas weuld be uuaful, 

U t i l Z s i n g  cPtri.-tological d n t a  of storm tracks and otrntifyi .~tg 
t h a w  accordirq to storm pmftion, inonth, i m n z d i o t e  past track, 
orc. ,  prohnbilitfeo (in term8 of percentage ri.61: of strike) . 
can be daveloped.for 6pectfi.c target areas and t i m  periods. 

6 .  Develop a set of ralationshlpc bctv~een ~ n i d d l s  latttuda . , . . .- , , 
synoptic prar,Erera and tropical o tonn  &eneeis. * :; ',% . ... 

. ,;.. -.: 1 '. 
I _ . .  - 

A n  extension of the work daccrfbed in t1tf.a report would 
provide clhatological models of mid-lat i tude synoptic 
parameterr; related to tropical cyologenesis in  selected .. 8.:. ' :--: - 
regions aud tkna pertodo whfck would eerve a5 "check l i e t  ' - .;' ' '. . .- 
item~" for analysts and forecasters.' , I  . ,. t C, -%..,,- 

1 ,  J -, 

74 -Develop a set  sf relat5onships between TP.OS cloud patterns - 
end synoptic charZ d a t a  in tropical cyclone sftuntions. .-\ 7 ; . 

A cktatogua of msoica of TE9S photographs in tropical 
cyclone sftuatfone can be developed. Surface charcs can 

C A  -4 

bo reanalyzed for thece ~ f t u a t t o n o  utLliztng a l l  mailable 
:: ..,,..- 

ship observations received by m i l  (about 3 t h e 6  a8 many es - - -. .: - -.. - 
' ' by radio). A s e t  of eurface and upper air charts can then 

. . ba. reproduced in conjunctlon~wlth the T R O S  noosaics to prairide , d.**.,' duty forecasters with models useful fa the htorpretatLon of* 
,- .- n w  satellite photographs on an operational basis. .. ? ,  t 



9. Develop a G e t  of "not-~ilal" mrfcca sn3 upper afr- c h n r t ~ ,  for the 
Trol'. 

Tha only l w a l  for whfch recrsombly accurate "nonml" chart8 
a m  mai lab le  in the tropics f s  dha 500 1x5. laval, This lwel 
is suttsbla for prediction of ctonn w l i o n  but thue far ill- 
suited for prediction of storm geneeie. 

Careful p l o t t i n g  of sur3ace chart8 and development of upper air 
charta through differential w l y s b e  utilizing a t a b i l i t y  constdoro- 
tiono, followed by grid point data readings, woadd make dwelopenr 
of useful normals possfble. ' 

The daveloprnent of such normal charts would be a major undertaking, 
but might be accomplLahed over a period of eevcral yeam by utilizing 

- the capability of the; Northam Hemisphere lbp  Project ao fhfa group 
turns to machina method8 far its mid-lat i tude analysis. 

Nonperlts for at le~sO: 850 mb., 7'00 mb. end 200 mb, should be developed* . 
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